Coconut palms are ideal for diversified (i.e. multi-storey cropping) production system across stages of growth and development. However, local information on the role of women in coconut-based multi-storey cropping is not available. Hence, this study was conceptualized to evaluate the growth of intercrops to coconut at initial vegetative growth with a woman as maintainer in a multi-storey farm in Bukidnon, Philippines. Land resource utilization in newly established coconut plantation was maximized by planting high-value intercrops such as pineapple, cacao and vegetables and were found to have no adverse effects on the growth. Eggplant as intercrop produced the highest gross income for a one-hectare non-bearing stage of coconut. On the other hand, the role of women in the establishment of a coconut-based multi-storey farm was found to be essential in all aspects of intercultural management practices, except foliar application of synthetic fertilizers and pesticides. The results could serve as guide to policy makers in establishing a gender-inclusive coconut-based multi-storey farm.
INTRODUCTION
Bukidnon is known as the "fruit basket" of Northern Mindanao, Philippines and is the largest contributor to the regional agricultural economy. In its early history of agriculture, the province had already been identified as suitable for large scale production of food for export (Lao, 1992) . Bukidnon has a total land area of 1,049,859 hectares of which 669,529.25 hectares are classified as timberland and the remaining 380,332.75 hectares is classified as alienable and disposable (www.bukidnon.gov.ph), and 92% of which is utilized for agricultural production. In 2017, Bukidnon had a total population of 1,415,226 comprising 736,548 males and 678,678 females (Philippine Statistics Authority [PSA] , 2018).
In terms of physical distribution of agricultural areas, sugarcane lands dominate the landscape of Bukidnon followed by corn lands, pineapple and irrigated rice (www.bukidnon.gov.ph) which are mostly cultivated as monocropping or sole cropping. Monocropping is the cultivation of only one crop in an area. This farming practice is inferior to diversified cropping system specifically on environmental conservation.
Meanwhile, the Philippines is the world's largest coconut producer and coconut oil exporter. Javier (2013) presented at least four good reasons why coconut is and shall remain the dominant industrial perennial crop in the Philippine countryside. One of these reasons is the opportunity to make full use of the sunlight filtering between the trees by planting intercrops, both annuals and perennials. Intensive 58 multiple canopy farming create more employment, more food resulting to lower food prices for everyone, and provide additional income to coconut farmers often far exceeding the revenue from coconut itself (Javier, 2013) .
To maximize land utilization, coconut can be intercropped with vegetables (Philippine Coconut Authority [PCA], 2006a), cereal such as corn (PCA, 2004a) , cacao (PCA, 2007) , coffee (PCA, 2006c) , fruit crops (PCA, 2004b) , root crops (PCA, 2006b) and even gemilina (PCA, 2004c) . Multi-storey cropping system can also be employed (PCA, 2005; Relacion, 2017; Segarino, 2017; Tabios, 2017) in established coconut plantations. This system is characterized by randomly mixing various species that create at least two layers of canopy. It mimics the structure of a tropical rainforest with its attendant advantages. The upper canopy is composed of light-demanding species, while the understorey is made up of shade-tolerant species (Philippine Council for Aquatic, Agriculture, Forestry and Natural Resources Research and Development [PCAARRD], 2018).
In the Philippines, diversified as well as multistorey cropping have been adopted in several regions. However, there are no local information on the role of women in coconut-based multi-storey cropping. A coconut-based multi-storey technodemo farm model was established at the University Research, Development and Extension Grounds (RDE), Central Mindanao University to: 1) maximize land resource grown to coconuts by planting intercrops such as fruit crops, vegetables and plantation crops; and 2) evaluate the role of woman-worker in the establishment of a coconutbased multi-storey farm.
RESEARCH METHODS

Site Selection and Establishment of Coconut Plantation
The establishment of coconut-based multi-storey farm model at the RDE Complex (Figure 1 ), Central Mindanao University (CMU) started on October 1, 2017. The area was previously planted with annual crops such as vegetables and cereals. The farm layout ( Figure 2 ) was prepared based on the actual field topography. No-tillage cropping was employed in the area.
Digging of holes (50 cm depth and 50 cm diameter) for coconut were manually done using a digger. One kg of complete (14-14-14) fertilizer was applied per hole one week before transplanting. Tall coconut variety was then planted on October 20, 2017 at a distance of 8 m x 8 m in square planting system.
Management of Intercrops
Light transmission and suitable intercrops in coconut multi-storey cropping system (Table 1) were considered. Annual crops such as eggplants, lady's finger, sweet potato, peanut, chili, cowpea and yam bean were intercropped to coconut on December 2017. Moreover, cacao seedlings (National Seed Industry Council registered) were also intercropped to coconuts on January 2018. Suckers of desert banana (Latundan and Lagkitan) and pineapple (mixed varieties) were also transplanted in the area on February 2018. Cultural management practices, depending on the intercrops, were employed in that said coconut-based multistorey farm.
Data Gathered Plant growth
Plant growth data of coconuts and some intercrops were gathered one year after planting coconuts. Coconut, cacao, banana and pineapple served as data plants at ten samples each species. These were randomly taken from among the plants across the plantation. 
Yield
For annual crops such as eggplants, lady's fingers, sweet potatoes, peanuts, chili, cowpeas and yam beans, the economic yield was gathered instead of plant growth data. Yield for intercrop was expressed in tons ha -1 and computed using the formula: = Weight of economic part of the plant (kg) ( 2) × 10000 2 1 ℎ × 1 1000
The role of woman-worker
Activities conducted during the establishment phase of the coconut-based multi-storey farm were documented according to: 1) activities that can be performed by a female worker alone, 2) activities that require the assistance of a male worker; and 3) activities that cannot be performed by a female worker. 
RESULTS AND DISCUSSION
Growth of Coconut and Intercrops Coconut
Plant height of coconut (2.21 m) as shown on Table  2 was relatively taller compared to the standard norm value (1.30 m) at one year after transplanting. Coconut varieties are generally classified as "Tall" and "Dwarf". In this study, tall variety was used.
Tall coconut variety has an average height increment of one meter annually. On the other hand, stem diameter was doubled at one year after planting. Canopy spread (1.06 m) implies that intercrops can be planted at 1.0-1.5 m from the coconut plants. Results further suggest that coconut at early stage of growth is ideal for diversified or multiple cropping system. At 0-6 years old coconut plantation, the level of available sunlight ranges from moderate to high (Magat, 2003) , and sunlight loving crops can therefore be intercropped to maximize land area utilization.
Banana
Banana is the number one fruit crop produced in the Philippines. Hence, it is one of the fruits intercropped to coconut. For dessert bananas, solar radiation should be as high as possible for best growth and yield (Paull and Duarte, 2011) . In this study, banana plants exhibited better growth compared to those grown in conventional plantation as shown on Table 2. In the model farm, among the crops planted including coconut, bananas were the tallest and occupied the top level of the storey (Figure 3) . The result indicates good solar radiation at ground level as supported also by the number of suckers developed in bananas (≈6.0 suckers per plant). Paull and Duarte (2011) mentioned that less radiation at ground level will lead to reduced sucker production of banana plants.
Cacao
Cacao is a tree crop highly suitable in different cropping systems. It is considered as a shade-loving crop. In this study, transplanting of cacao seedlings was done without shade crops. However, growth data ( 
Pineapple
In the Philippines, pineapple production in January to March 2016 reached 591.25 thousand metric tons (Philippine Statistics Authority, 2016a) of which majority of the produced are being exported to other countries. Pineapple export industry in the Philippines is concentrated in the province of Bukidnon. Hence, pineapple was one of the chosen intercrops for the coconut-based multi-storey farm model in CMU, Bukidnon, Philippines. It is a sunlight loving crop but can tolerate shading.
In this study, pineapple plants at 8 months after planting (MAP) had an average height of 0.84 m and mass of 1.84 kg. Plant mass is relatively higher compared to the standard norm value (1.32 kg). In commercial pineapple production, plant mass is usually used to forecast fruit size distribution. Pineapple plant mass of at least 2.0 kg at 11.5 MAP is minimum for flower induction to produce marketable fruits (≥1 kg). Hepton (2003) stated that correlation between plant mass and fruit mass can be as low as 0.4 in areas with warm nights and fast growth rates and can exceed 1.0 where irradiance is high and night temperatures are cool. Moreover, higher yield of pineapple can be attained using higher density planting (75,000 plants ha-1) as reported by Valleser (2019) which makes it compatible to diversified cropping such as multistorey farm.
Yield of Annual Intercrops
The harvesting of annual intercrops such as eggplants and lady's fingers started on March 2018 to September 2018. Sweet potato, peanut, chili and yam bean were harvested on June 2018. Yield data expressed in tons ha-1 are presented on Table 3 . Yield per hectare of annual intercrops in a multistorey cropping is found to be inferior compared to conventional cropping system. The low yield is reasonable due to the reduced area planted to intercrops in multi-storey cropping. Further, these annual crops are warm season crops that may not tolerate partial shading.
Among the annual intercrops grown, eggplants had the highest yield and had the highest potential gross income of PhP 7,589.00 per month. The income from the intercrops could augment income of coconut farmers in the Philippines. According to Javier (2013) , the poorest farmers in the country are the coconut growers with an average monthly income of PhP 1,500.00. Bukidnon is one of the poorest provinces in the Philippines (PSA, 2018). Hence, multi-storey cropping is advantageous to increase monthly income of coconut farmers in the province of Bukidnon, Philippines and the neighboring communities. Table 4 shows the activities that can be performed by a woman-worker in the establishment of a coconut-based multi-sorey farm. The accomplishments of a female worker in the establishment of the CMU multi-storey technodemo farm suggests that a woman can perform all farm activities except clearing of the area and applications of pesticides and synthetic fertilizers as foliar spray that require the assistance of men. Results suggest not to be dependent in pesticide and synthetic fertilizers foliar applications as these activities would partially displace if not at all the women in coconut-based multi-storey farm.
Role of Woman-Worker on the Establishment Phase of Coconut-Based Multi-Storey Farm
Pesticides harm humans especially women. Fetuses, infants, growing children, pregnant and nursing mothers, and women of childbearing age are most at risk for adverse health outcomes from exposure to pesticides (The Center for Ecogenetics and Environmental Health, 2013) . Results of this study suggest that coconut-based multi-storey cropping should not be dependent on the use of synthetic pesticides to control pests as this activity harm humans especially women aside from being an environmental hazard. RA 10068 or the Organic Agriculture Act of the Philippines (2010) can be promoted by policy makers to propagate, develop further and implement the practice of organic agriculture in the country. This will cumulatively alleviate soil condition and enrich soil fertility, increase farm productivity, reduce pollution and destruction of the environment, prevent the depletion of natural resources, further protect the health of farmers, consumers, and the general public, and save on imported farm inputs. 
